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6RXUFHV (50(6 ZKLFK RYHUVHHV WKH GHYHORSPHQW RI WKH OHDGLQJ URDG HPLVVLRQ PRGHOV LQ (XURSH
&23(57DQGWKH+DQGERRNRI(PLVVLRQ)DFWRUV+%()$7KH(50(6(XURSHDQ5HVHDUFK*URXSRQ
0RELOH(PLVVLRQ6RXUFHVJURXSZDVFUHDWHGLQLQDQHIIRUW WREULQJWRJHWKHUDOO(XURSHDQJURXSV
ZRUNLQJRQWUDQVSRUWHPLVVLRQLQYHQWRULHVDQGPRGHOVDVZHOODVIXQGLQJDJHQFLHVDQGRWKHUVWDNHKROGHUV
XQGHUWKHFRRUGLQDWLRQRIWKH(XURSHDQ&RPPLVVLRQ-RLQW5HVHDUFK&HQWUH(&-5&7KH(50(6JURXS
DLPVWRVXSSRUWDSHUPDQHQWQHWZRUNRIPRELOHHPLVVLRQPRGHOOHUVDQGXVHUVWRFRRUGLQDWHUHVHDUFKDQG
PHDVXUHPHQW SURJUDPPHV IRU WKH LPSURYHPHQW RI WUDQVSRUW HPLVVLRQ LQYHQWRULHV LQ (XURSH DQG WR
EHFRPHDUHIHUHQFHSRLQWIRUPRELOHHPLVVLRQVPRGHOOLQJDQGUHODWHGWRSLFVLQ(XURSHZKLOHPDLQWDLQLQJ
DQG LPSURYLQJ LQWHUQDWLRQDO FRQWDFWV7DEOH VKRZV D VHOHFWLRQRI VWDNHKROGHUV UHSUHVHQWHG LQ WKHSDVW
(50(6SOHQDU\PHHWLQJKHOGLQ6HSWHPEHU
7DEOH6HOHFWHGVWDNHKROGHUVRIWKH(50(6JURXS
(PLVVLRQODERUDWRULHVDQGPHPEHUVWDWHUHSUHVHQWDWLYHV 0RGHOOHUV
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
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
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6ZLW]HUODQG
7121HWKHUODQGV ,QGXVWU\UHSUHVHQWDWLYHV
&OLPDWHDQGSROOXWLRQDJHQF\1RUZD\ &RQVHUYDWLRQRI&OHDQ$LUDQG:DWHULQ(XURSH&21&$:(
7UDILNYHUNHW6ZHGLVK7UDQVSRUW$GPLQLVWUDWLRQ (XURSHDQ$XWRPRELOH0DQXIDFWXUHU¶VDVVRFLDWLRQ$&($
8PZHOW%XQGHV$PW*PE+$XVWULD )RUG0RWRU&RPSDQ\
(03$6ZLW]HUODQG $9/07&
,9/6ZHGLVK(QYLURQPHQWDO5HVHDUFK,QVWLWXWH (XURSHDQ&RPPLVVLRQDQGRWKHUVWDNHKROGHUV
8QLYHUVLW\RI/HHGV8. (XURSHDQ&RPPLVVLRQ'*&/,0$(1957'
,16,$8306SDLQ (XURSHDQ(QYLURQPHQW$JHQF\(($
6WUXFWXUHDQGVFRSHRIWKH(50(6JURXS
7KHWKUHHOHYHOVWUXFWXUHDGRSWHGE\WKHJURXSVHH)LJFRPSULVHVDQ([HFXWLYH%RDUGFRPSRVHG
RIDUHGXFHGQXPEHURIPHPEHUVLQFKDUJHRIGUDIWLQJDSURSRVDORIZRUNSURJUDPPHDQGPHWKRGVDQG
FRQWUROOLQJWKHSURJUHVVRIZRUNZLWKLQ(50(6DZRUNLQJJURXSRQPRGHOVDQGHPLVVLRQIDFWRUVZKLFK
LQFOXGHVWKH-5&WKHILQDQFLQJ(80HPEHU6WDWHVODERUDWRULHVDQGQDWLRQDOH[SHUWVDQGDEURDGFRQWDFW
JURXS LQFOXGLQJ WKH (XURSHDQ (QYLURQPHQWDO $JHQF\ UHOHYDQW 'LUHFWRUDWH*HQHUDOV RI WKH (XURSHDQ
&RPPLVVLRQ LQGXVWU\ UHSUHVHQWDWLYHV DQG DOO RWKHU LQWHUHVWHGSDUWLHV(50(6 LV DQRSHQ LQLWLDWLYH WKDW
ZDQWVDOOVWDNHKROGHUVWREHSUHVHQWDQGKHDUGLQWKHEHOLHIWKDWWKHUHTXLUHPHQWVRI(XURSHDQOHJLVODWLRQ
WHFKQLFDO SURJUHVV DQG LQQRYDWLRQV IURP WKH LQGXVWU\ DVZHOO DV QHZ UHVHDUFKRQ HPLVVLRQVPRGHOOLQJ
ZLOOVWHHUWKHHIIRUWVLQWKHEHVWZD\
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
)LJ6WUXFWXUHRIWKH(50(6JURXS
5RDGYHKLFOH HPLVVLRQV UHSUHVHQW WKH ODUJHVW VKDUHRI WUDQVSRUW HPLVVLRQV DQG WKXV WKH\ DUH WKH ILUVW
IRFXVRI(50(6,QWKHIXWXUHWKHJURXSDLPVWRH[SDQGWRRWKHUPRGHVRIWUDQVSRUWEXWWKDWZLOOPHDQ
H[SDQGLQJWKH(50(6JURXSWRPRUHSDUWLFLSDQWVGHDOLQJZLWKWKHRWKHUPRGHV(50(6DLPVWRFRYHUDV
PDQ\URDGVRXUFHHPLVVLRQPRGHOVDVSRVVLEOH7KHWZROHDGLQJURDGWUDIILFHPLVVLRQPRGHOVLQ(XURSH
&23(57DQG+%()$DUHKLJKO\LQYROYHGLQWKHDFWLYLWLHVRIWKHJURXSERWKEHLQJUHSUHVHQWHGZLWKLQ
LWVH[HFXWLYHERDUG7KH-5&RYHUVHHVWKHGHYHORSPHQWRIERWKPRGHOVDQGWKHUHVHDUFKZRUNSURJUDPPH
LV HVWDEOLVKHG \HDUO\ LQ WKH (50(6 SOHQDU\ PHHWLQJ ZKLFK LQ WXUQ VHUYHV DV WKH SULPDU\ LQWHUIDFH
EHWZHHQWKHPRGHOOHUVDQGWKHUHTXLUHPHQWVRIWKH(XURSHDQ&RPPLVVLRQDQG(80HPEHU6WDWHV
5RDGWUDIILFHPLVVLRQPRGHOVXQGHU(50(6+%()$DQG&23(57
&23(57*NDW]RIOLDVHWDODQGWKH+DQGERRNRI(PLVVLRQV)DFWRUV+%()$+DXVEHUJHUHW
DODUHWKHWZROHDGLQJHPLVVLRQPRGHOVLQ(XURSH&23(57LVWKHPDLQURDGWUDQVSRUWHPLVVLRQV
PRGHORIWKH(0(3&25,1$,5$WPRVSKHULF(PLVVLRQV,QYHQWRU\*XLGHERRN$(,*DQGLWLVXVHGE\
VHYHUDO(XURSHDQPHPEHUVWDWHVLQWKHLURIILFLDOUHSRUWLQJRIQDWLRQDOLQYHQWRULHVRIHPLVVLRQVIURPURDG
WUDQVSRUW+%()$ LVPRVWO\PHDQW IRU XVH DW ILQHU JHRJUDSKLFDO VFDOHV GRZQ WR VWUHHW OHYHO QHHGV D
GHHSHUNQRZOHGJHRIWUDIILFGHWDLOVDQGLVPRVWO\XVHGLQWKH'$&+1/6(XURSHDQFRXQWULHV*HUPDQ\
$XVWULD 6ZLW]HUODQG WKH 1HWKHUODQGV DQG 6ZHGHQ 7UDIILF HPLVVLRQV LQ ERWK PRGHOV DUH HVWLPDWHG LQ
WKUHH ODUJH EORFNV QDPHO\ HPLVVLRQV SURGXFHG GXULQJ WKHUPDOO\ VWDELOL]HG HQJLQH RSHUDWLRQ KRW
HPLVVLRQV H[FHVV HPLVVLRQV RFFXUULQJ GXULQJ HQJLQH VWDUW IURP DPELHQW WHPSHUDWXUH FROGVWDUW DQG
ZDUPLQJXSHIIHFWVDQG1092&HPLVVLRQVGXHWRIXHOHYDSRUDWLRQ7RWDOHPLVVLRQVDUHFDOFXODWHGDVWKH
FRPELQDWLRQRIYHKLFOHIOHHWDQGDFWLYLW\GDWDVHOHFWHGE\WKHXVHUDQGHPLVVLRQIDFWRUVFDOFXODWHGE\WKH
PRGHO ,Q WKH FDVHRI&23(57 HPLVVLRQ IDFWRUV DUH VSHHGGHSHQGDQWZKHUHDV+%()$XVHV D µWUDIILF
VLWXDWLRQ¶DSSURDFK(YHQ WKRXJK WKHDSSURDFKHVEHKLQG&23(57DQG+%()$DUHVRPHZKDWGLIIHUHQW
WKH\ DUH ODUJHO\ XQGHUSLQQHG E\ WKH VDPH H[SHULPHQWDO GDWD DQG IXUWKHU PHWKRGRORJLFDO FRQYHUJHQFH
EHWZHHQWKHWZRPRGHOVLVH[SHFWHGXQGHUWKHVWHHULQJRI(50(6
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+%()$DQG&23(57DUHEDFNHGXSE\H[WHQVLYHDPRXQWVRIYHKLFOHHPLVVLRQVWHVWGDWDDQGVRWKH\
DUHDEOHWRSURYLGHILQHUHVROXWLRQZLWKUHVSHFWWRDFRPSUHKHQVLYHVHWRIYHKLFOHFDWHJRULHVRIFXUUHQWDQG
SDVWWHFKQRORJ\7KHHPLVVLRQIDFWRUVLQERWK&23(57DQG+%()$KDYHDFKLHYHGDKLJKOHYHORITXDOLW\
RYHU WKHSDVWGHFDGH WKDQNV WRFRPPRQSURMHFWV VXFKDV$57(0,6 .HOOHUDQG.OMXQRU&267
6WXUPDQG+DXVEHUJHU WRJHWKHUZLWKWKHQDWLRQDODFWLYLWLHVDQGMRLQWIXQGLQJDFWLRQVZLWKLQ
WKH '$&+1/6 DQG -5& JURXS 1HYHUWKHOHVV ERWK PRGHOV DUH LQ QHHG RI YDULRXV PHWKRGRORJLFDO
LPSURYHPHQWV IRUH[DPSOH LQRUGHU WRDFFXUDWHO\ UHIOHFW WKHGULYLQJSDWWHUQVRQ(XURSHDQ URDGVRU WR
JDLQLQVLJKWRQDVSHFWVRIPRELOHHPLVVLRQVWKDWDUHOHVVIUHTXHQWO\VWXGLHGVXFKDVXQUHJXODWHGSROOXWDQWV
DQGQRQH[KDXVWHPLVVLRQV7KH\DOVRQHHGIUHTXHQWXSGDWHVWRNHHSXSZLWKQHZYHKLFOHWHFKQRORJLHV
'HYHORSPHQWSULRULWLHVIRU+%()$DQG&23(57
7KHGHYHORSPHQWSULRULWLHVRI&23(57DQG+%()$DUHVHOHFWHGGXULQJ WKH(50(6DQQXDOSOHQDU\
PHHWLQJV7RWKDWDYDLOWKHH[HFXWLYHERDUGSURSRVHVDOLVWRIUHVHDUFKLVVXHVWRDOOVWDNHKROGHUVDQGDIWHU
DQRSHQGLVFXVVLRQWKHVHDUHDVVLJQHGDSULRULW\OHYHOKLJKPHGLXPRUORZ7KHPHDVXUHPHQWSURJUDPV
RI SDUWLFLSDWLQJ ODERUDWRULHV DUH WKHQ DGMXVWHG DFFRUGLQJ WR WKHVH SULRULW\ OHYHOV DQG D SRRO RI
PHDVXUHPHQWGDWDLVPDGHDYDLODEOHWRPRGHOOHUVDVDUHVXOW,QWKHVHFWLRQVWKDWIROORZDQRYHUYLHZRI
VRPHRIWKHFXUUHQWWRSSULRULW\UHVHDUFKLVVXHVWRZDUGVWKHGHYHORSPHQWRIURDGYHKLFOHHPLVVLRQPRGHOV
±DV GLVFXVVHG LQ WKH ODWHVW (50(6 SOHQDU\ PHHWLQJ KHOG LQ 6HSWHPEHU  LV SUHVHQWHG 7KH LVVXHV
FRYHUERWKPDLQWHQDQFHXSGDWHVPHWKRGRORJLFDOLPSURYHPHQWVWRWKHPRGHOVDQGDORQJWHUPRXWORRNRI
YHKLFOHHPLVVLRQPRGHOOLQJLQ(XURSH
.HHSLQJHPLVVLRQPRGHOVXSWRGDWH&2HPLVVLRQVSDUDPHWHULVDWLRQDQGGHYHORSPHQWRI
HPLVVLRQIDFWRUVIRUQHZHUHPLVVLRQVWHFKQRORJ\SDVVHQJHUFDUV
7KHFXUUHQWHPLVVLRQIDFWRUVRI&23(57DQG+%()$DUHGLVDJJUHJDWHGGRZQWRYHKLFOHFDWHJRULHVRI
VLPLODUWHFKQLFDOFKDUDFWHULVWLFVHJJDVROLQHFDUVO7KLVFDWHJRUL]DWLRQLVWRRFRDUVHWRDOORZD
SUHFLVH GHVFULSWLRQ RI IXHO FRQVXPSWLRQ RU&2 )RU H[DPSOH WKH JDVROLQH  O FDWHJRU\ FRQWDLQV
YHKLFOHVZLWK&2HPLVVLRQVUDQJLQJIURPOHVVWKDQJNPWRRYHUJNP$UHFHQWPRGHOOLQJVWXG\
IXQGHGE\WKH-5&0HOOLRVHWDOHVWDEOLVKHGPRUHFULWHULDWRFODVVLI\YHKLFOHVDFFRUGLQJWR&2
HPLVVLRQVZKLFKVKRXOGDOORZIRUPRUHVFLHQWLILFDOO\VRXQGSURMHFWLRQV

$OVRZLWKWKHLQWURGXFWLRQRIWKHODWHVWYHKLFOHDQGHQJLQHWHFKQRORJLHVDQXSGDWHRIHPLVVLRQIDFWRUV
ZDVQHFHVVDU\HVSHFLDOO\IRU12;8SWRWKH\HDURQO\DVPDOOQXPEHURI(852DQGQR(852
SDVVHQJHUFDUVKDGEHHQPHDVXUHGXQGHUUHDOZRUOGWHVWVLWXDWLRQVHLWKHULQDODEWHVWEHQFKRURQURDG
ZLWKLQWKH(50(6JURXS7KHFXUUHQWHPLVVLRQIDFWRUVRI&23(57DQG+%()$IRU(852IRUFDUVDQG
OLJKWFRPPHUFLDOYHKLFOHVDQG(852IRUDOOYHKLFOHFDWHJRULHVDUHWKXVEDVHGRQSURMHFWLRQVUDWKHUWKDQ
PHDVXUHGHPLVVLRQVGDWD

)LJ  LOOXVWUDWHV WKH FXUUHQW VLWXDWLRQ IRU'LHVHO SDVVHQJHU FDUVZKHUH QHZPHDVXUHPHQWV RQ VHYHQ
(XURYHKLFOHVLQGLFDWHD12;LQFUHDVHLQUHDOZRUOGWUDIILFVLWXDWLRQVUHGKDWFKHVZKLFKLVIDUIURPWKH
YDOXHSUHGLFWHGE\W\SHDSSURYDOWHVWUHVXOWVWDNHQDVWKHEDVLVIRU(852VWDQGDUGVOLJKWEOXHKDWFKHV
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)LJ12;HPLVVLRQVPHDVXUHGIRUGLHVHOSDVVHQJHUFDUVIURP(XURWR(XUR+DXVEHUJHU
7KHVLWXDWLRQ LVVLPLODU IRU WKHQHZHVW(XUR WHFKQRORJLHV'XH WR WKHFXUUHQW OLPLWHGDYDLODELOLW\RI
HPLVVLRQ PHDVXUHPHQW GDWD WKH FXUUHQW WHVW UHVXOWV PD\ QRW EH UHSUHVHQWDWLYH RI (852  YHKLFOHV
WKURXJKRXWWKHLUPDUNHWOLYHV0RUHRYHULWKDVEHHQIRXQGWKDWWKHHPLVVLRQEHKDYLRXURIWKHVHYHKLFOHV
GHSHQGVODUJHO\RQWKHSDUDPHWHUL]DWLRQRIWKHHQJLQHHVSHFLDOO\IRU'LHVHOFDUVDQGIRUGLUHFWLQMHFWLRQ
JDVROLQHHQJLQHVDQGDIWHUWUHDWPHQWV\VWHPVDQGWKXVFDQKDUGO\EHSURMHFWHGZLWKDUHDVRQDEOHDFFXUDF\
,WZDVDJUHHGWKDWSDUWLFLSDWLQJODERUDWRULHVRIWKH(50(6JURXSZRXOGSXWVXEVWDQWLDOUHVRXUFHVWRZDUGV
WHVWLQJQHZWHFKQRORJ\SDVVHQJHUFDUVLQWKHLUZRUNSURJUDPPHVIRUWKH\HDU$VDUHVXOWWKLVLVVXH
ZLOOEHDGGUHVVHGZLWKWKHXSFRPLQJXSGDWHRI+%()$ZKLFKZLOOLQFRUSRUDWHWKHODWHVWWHVWUHVXOWVIURP
RQJRLQJPHDVXUHPHQWFDPSDLJQVWRSURGXFHUHOLDEOHHPLVVLRQIDFWRUVIRUWKHVHYHKLFOHV
,PSURYLQJHPLVVLRQVPRGHOOLQJGHYHORSPHQWRIWRROVIRUGDWDFROOHFWLRQDQGIRUFRUUHFWLRQRI
LQVWDQWDQHRXVHPLVVLRQVWHVWUHVXOWV
7KHDYDLODELOLW\RI ODUJHTXDQWLWLHVRI LQVWDQWDQHRXVHPLVVLRQVDQGYHKLFOHRSHUDWLQJSDUDPHWHUVGDWD
UHWULHYHGIURP2%'LQWHUIDFHVDQGRQOLQHDQDO\VHUVPD\FUHDWH WKH LPSUHVVLRQ WKDWHPLVVLRQVGDWD LH
H[KDXVW IORZ UDWHV DQG SROOXWDQW FRQFHQWUDWLRQV GDWD DFFXUDWHO\ SRUWUD\ WKH LQVWDQWDQHRXV HPLVVLRQ
EHKDYLRXURIYHKLFOHV+RZHYHU WKHGDWDUHFRUGHGE\YHKLFOHHPLVVLRQVDQDO\VHUVGRQRWH[DFWO\IROORZ
WKH WUXH µWDLOSLSHRXW¶ ±OHW DORQH WKH µFDWDO\VW RXW¶ HPLVVLRQVRI YHKLFOHVEHLQJ WHVWHG7KLV LV GXH WR D
QXPEHURIHIIHFWVLQFOXGLQJWKHWLPHWKDWH[KDXVWJDVWDNHVWRWUDYHOIURPWKHHQJLQHWRWKHWDLOSLSHDQG
IURPWKHWDLOSLSHWRWKHDQDO\VHUFHOOVDQGDOVRWRWKHG\QDPLFUHVSRQVHFKDUDFWHULVWLFRIDQDO\VHUVZKLFK
FDXVHVERWKDGHOD\DQGDIODWWHQLQJRUGLVSHUVLRQRIHPLVVLRQHYHQWVRYHUVHYHUDOVDPSOLQJSHULRGVVHH
)LJXUHEHORZ

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
)LJ,OOXVWUDWLRQRIWLPHVKLIWLQJDQGIODWWHQLQJRIHPLVVLRQVLJQDOVDVIRXQGLQ*HLYDQLGLVDQG6DPDUDV
:KHQHYHUHPLVVLRQVGDWDDUHDYHUDJHGRYHUODUJHHQRXJKGDWDZLQGRZVLHVXEVWDQWLDOO\ODUJHUWKDQ
WKH DQDO\VHU¶V UHVSRQVH WLPH WR SURGXFH HPLVVLRQ IDFWRUV VDLG GLVSHUVLRQ EHFRPHV OHVV RI D SUREOHP
EHFDXVHLQWHJUDWHGYDOXHVZLOOIROORZUHVXOWVFDOFXODWHGIURPLQVWDQWDQHRXVGDWDYHU\FORVHO\6WHDG\VWDWH
WHVWF\FOHVDOVRHOLPLQDWHWKLVSUREOHPDWWKHH[SHQVHRIEHLQJOHVVUHSUHVHQWDWLYHRIUHDOZRUOGRSHUDWLRQ
+RZHYHULIZHDUHWRFUHDWHHPLVVLRQIDFWRUVLQWKHIRUPRIµSROOXWDQWHQJLQHPDSV¶IURPLQVWDQWDQHRXV
HPLVVLRQV GDWD H[WUDFWHG IURP WUDQVLHQW WHVW F\FOHV HPLVVLRQV GDWD QHHG WR EH DGHTXDWHO\ SURFHVVHG WR
PDNHXSIRUWKHGLVWRUWLRQVEURXJKWDERXWE\WKHWUDYHOWLPHRIVDPSOHGHPLVVLRQVIURPWKHWDLOSLSHWRWKH
DQDO\VHUV DQG WKH G\QDPLF UHVSRQVH FKDUDFWHULVWLF RI WKH DQDO\VHUV (PLVVLRQ VLJQDOV RXJKW WR EH WLPH
DOLJQHG DQG UHFRQVWUXFWHG DW OHDVW XS WR WKH WDLOSLSH DQG LGHDOO\ XS WR WKH FDWDO\VW RXWSXW 6DLG
UHFRQVWUXFWLRQ RI µWDLOSLSHRXW¶ RU LGHDOO\ µFDWDO\VWRXW¶ HPLVVLRQV¶ ZRXOG EH EDVHG RQ SK\VLFDO
PRGHOOLQJDQGRUVWDWLVWLFDOSRVWSURFHVVLQJRI2%'DQGDQDO\VHUUHFRUGVDQGLVDIXQGDPHQWDOUHVHDUFK
ZRUNQHHGHGWRLPSURYHHPLVVLRQIDFWRUVZLWKLPSOLFDWLRQVLQDOOLQVWDQFHVZKHUHWKHVHHPLVVLRQIDFWRUV
DUHXVHG

$QRSWLPDO VLJQDO UHFRQVWUXFWLRQPHWKRGVKRXOGKDYHJRRGVLJQDO UHFRQVWUXFWLRQDQG WLPHDOLJQPHQW
FDSDELOLWLHV,WVKRXOGDOVRUHTXLUHOLWWOHDGGLWLRQDOH[SHULPHQWDOZRUNDQGEHDSSOLFDEOHWRPDQ\YHKLFOH
W\SHVSROOXWDQWVDQGPHDVXUHPHQWVHWXSVDQGKDYHEDFNZDUGFRPSDWLELOLW\LHLWVKRXOGEHDSSOLFDEOH
WRKLVWRULFDOGDWDVHWV,QSUDFWLFHLWLVQRWSRVVLEOHWRIXOILODOOWKHVHUHTXLUHPHQWVDQGWUDGHRIIVQHHGWR
EHPDGH7ZREDVLFDSSURDFKHVWRWKHSUREOHPDUHLGHQWLILHGWKRVHEDVHGRQV\VWHPVWKHRU\DQGSK\VLFDO
PRGHOOLQJ VRSKLVWLFDWHG PRGHOV ZLWK H[FHOOHQW UHFRQVWUXFWLRQ FDSDELOLWLHV EXW DOVR UHTXLULQJ DG KRF
H[SHULPHQWDOZRUNDQGSHULRGLFFDOLEUDWLRQDQGWKRVHEDVHGRQVWDWLVWLFDOSURFHVVLQJRIDQDO\VHUUHFRUGV
OHVVVRSKLVWLFDWHGPRGHOVEDVHGRQGDWDSRVWSURFHVVLQJWKDWDUHPRUHIOH[LEOHDQGZLGHO\DSSOLFDEOH$
VPDOOOLWHUDWXUHUHYLHZRIWKHLVVXHFDQEHIRXQGLQ7DEOH
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7DEOH(PLVVLRQVVLJQDOUHFRQVWUXFWLRQLQWKHOLWHUDWXUH
$XWKRUV 6\VWHPPRGHOOHGVFRSH $SSURDFKGHVFULSWLRQ
5DPDPXUWK\HWDO

)L[HG ODERUDWRU\ GLOXWLRQ WXQQHO DQG
DQDO\VHUIRU12;DQG&2
6WDWLVWLFDO SURFHVVLQJ $SSOLFDWLRQ RI GLVSHUVLRQ PRGHO WR
FUHDWH D µGLVSHUVHG D[OH SRZHU¶ VLJQDO ODFNLQJ SK\VLFDO
PHDQLQJ WLPH VKLIWLQJ WR PD[LPL]H FURVV FRUUHODWLRQ
EHWZHHQµGLVSHUVHGD[OHSRZHU¶DQGHPLVVLRQVLJQDOV
:HLOHQPDQQHWDO
$MWD\DQG
:HLOHQPDQQ
/LJKW GXW\ YHKLFOH H[KDXVW V\VWHP
G\QDPLFV DQG UDZ JDV PHDVXUHPHQW
V\VWHP KHDWHG VDPSOLQJ OLQH DQG
DQDO\VHUGLOXWLRQWXQQHO$MWD\HWDO
3K\VLFDO PRGHOOLQJ 3DUDPHWHU YDOXHV DUH HVWLPDWHG WKURXJK
VWHDG\VWDWHWHVWLQJ
*HLYDQLGLVDQG
6DPDUDV
6DPSOLQJ OLQHV GLOXWLRQ WXQQHO DQG
GLOXWHGJDVDQDO\VHUV
3K\VLFDOPRGHOOLQJ$V\VWHPVWKHRU\DSSURDFKIORZ
GHSHQGHQWSDUDPHWHUVDUHHVWLPDWHGWKURXJKUHSHDWHGWHVWLQJ
VWHSLQSXWUHVSRQVHDWVHYHUDOUHSUHVHQWDWLYHIORZUDWHV
0DGLUHGG\DQG&ODUN

'LVSHUVLRQ GXH WR DQDO\VHU UHVSRQVH
FKDUDFWHULVWLF&212;
6WDWLVWLFDOSURFHVVLQJ6LPSOHGLVSHUVLRQPRGHO
GHFRQYROXWLRQRIDQDO\VHUVLJQDO
.DPDULDQDNLVDQG
*DR
9DULDEOH H[KDXVW WUDQVSRUW WLPHV
H[KDXVW V\VWHP G\QDPLFV DQG
DQDO\VHU UHVSRQVH FKDUDFWHULVWLF DUH
PRGHOOHGWRJHWKHU
6WDWLVWLFDOSURFHVVLQJ$µVPRRWKWUDQVLWLRQUHJUHVVLRQ¶
PRGHOOLQJIUDPHZRUNLVXVHGWRLQFOXGHWUDQVSRUWGHOD\VWKDW
YDU\VPRRWKO\DVDIXQFWLRQRIH[KDXVWIORZ

$ORQJ WKHVH OLQHV VRPH VWDNHKROGHUV RI WKH (50(6 JURXS DUH ZRUNLQJ RQ WKH HODERUDWLRQ DQG
SURJUDPPLQJRIDVRIWZDUHWRROIRUWHVWHYDOXDWLRQDQGFRQYHUVLRQLQWRVWDQGDUGIRUPDWVRIH[LVWLQJDQG
IXWXUHLQVWDQWDQHRXVGDWDVHWV

7KH VRIWZDUH FRXOGKDYH D ODUJH FRPPRQ VKDUH EXWZRXOGQHHG WREHSDUWLDOO\ DGDSWHG WR HDFK WHVW
VWDQG DV GHOD\ WLPHV DQGPL[LQJ FKDUDFWHULVWLFV GHSHQG RQ VSHFLILF WHVW KDUGZDUH DQG VWDQGDUG RXWSXW
IRUPDWV IURP WKH H[LVWLQJ WHVW VWDQG VRIWZDUH ZLOO EH GLIIHUHQW DPRQJ WHVW IDFLOLWLHV %HVLGHV VLJQDO
UHFRQVWUXFWLRQWKHVRIWZDUHLVHQYLVDJHGWRKDQGOHWKHVWRUDJHRIWKHWHVWUHVXOWVLQFOXGLQJEDVLFYHKLFOH
GDWDLQVWDQGDUGL]HGIRUPDWV WRSHUIRUPEDVLFSODXVLELOLW\FKHFNVRIUHVXOWVDQGWRRXWSXWWHVWGDWDWRD
FRPPRQVXEPLVVLRQIRUPDWWRWKH(50(6GDWDEDVHZLWKVWUXFWXUHGGDWDRXWSXWILOWHUVGHSHQGLQJRQWKH
LQWHQGHGXVH&23(57+%()$HWF
.HHSLQJSDFHZLWKORQJWHUPWHFKQRORJLFDODGYDQFHVDQGPRQLWRULQJORQJWHUPHQYLURQPHQWDO
WDUJHWVDOWHUQDWLYHIXHOVDQGSRZHUWUDLQV
7KH(XURSHDQ8QLRQ KDV VHW DPELWLRXV HQYLURQPHQWDO WDUJHWV LQ DQ HIIRUW WR UHVWULFW &2 HPLVVLRQV
IURPSDVVHQJHUFDUV(X3$NH\PHGLXPWHUPJRDOLVWRUHDFKDQDYHUDJH&2HPLVVLRQYDOXHRI
JNPIRUWKHVWRFNRIQHZSDVVHQJHUVFDUVUHJLVWHUHGLQ7KLVDQGRWKHUWDUJHWVDUHLQWURGXFHGLQ
WKHIUDPHZRUNRI.\RWRDQGSRVW.\RWRFRPPLWPHQWVWRZDUGVUHGXFLQJ*+*VIURPURDGWUDQVSRUW7KH
DFWXDO PHDQ &2 HPLVVLRQ YDOXH WKDW ZLOO EH UHDFKHG LQ WKH IXWXUH ZLOO GHSHQG ODUJHO\ RQ WKH PL[ RI
YHKLFOH DQG IXHO WHFKQRORJLHV WKDW ZLOO EH LQWURGXFHG 7KXV D WKRURXJK FKDUDFWHUL]DWLRQ RI WKH IXHO
FRQVXPSWLRQ DQG &2 HPLVVLRQV IURP D ZLGH UDQJH RI IXHO DQG YHKLFOH WHFKQRORJLHV QHHGV WR EH
FRQGXFWHGLQRUGHUWRDVVHVVWKHLPSDFWRIUHJXODWLRQVRQ&2HPLVVLRQVDQGPDNHSURMHFWLRQV)LJXUH
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)LJ3URMHFWHGPHDQHPLVVLRQVRI&2SHUNLORPHWUHRIOLJKWGXW\YHKLFOHVDQGWDUJHWVIRUVHYHUDOZRUOGUHJLRQV,&&7
$OWHUQDWLYHIXHOVDUHEHFRPLQJLQFUHDVLQJO\LPSRUWDQWLQ(XURSHIRUWZRUHDVRQVILUVWELRIXHOVDUHD
NH\ WHFKQRORJ\ WRZDUGV UHGXFLQJ WKH FDUERQ IRRWSULQW RI WUDQVSRUW DQG WKXVPHHWLQJ WKH&2 UHGXFWLRQ
WDUJHWV VHW E\ (XURSHDQ OHJLVODWLRQ 2WKHU IXHOV VXFK DV /3* RU &1* DUH FKHDSHU DOWHUQDWLYHV WR
FRQYHQWLRQDOSHWURO,QIRUPDWLRQIURPGLIIHUHQWVRXUFHVRQWKHHIIHFWRIDOWHUQDWLYHIXHOVRQ&2HPLVVLRQV
DQGRWKHUDLUSROOXWDQWVLVEHLQJFROOHFWHGZLWKLQWKHIUDPHZRUNRIWKH(50(6JURXSLQRUGHUWRLGHQWLI\
DQGPDNHXSIRUJDSVLQFXUUHQWHPLVVLRQPRGHOV9DULRXVODERUDWRULHVDFURVV(XURSHDUHSURGXFLQJGDWD
WKDWZLOOEHXVHGWREXLOGHPLVVLRQIDFWRUVRIGLIIHUHQWDOWHUQDWLYHIXHOVLQFOXGLQJELRIXHOVDQGWKHLUEOHQGV
ZLWK WKHFRUUHVSRQGLQJFRQYHQWLRQDOEOHQGVWRFNV7KHVHGDWDZLOOFRYHUERWKSDVVHQJHUFDUVDQGKHDY\
GXW\YHKLFOHV+RZHYHUDFRQVLVWHQWGDWDEDVHRILQIRUPDWLRQIURPWHVWVRQGLIIHUHQWYHKLFOHVLVQRW\HWLQ
SODFH 7KHUHIRUH LV GLIILFXOW WR DVVHVV ZKDW WKH FRYHUDJH RI WKH GLIIHUHQW FRPELQDWLRQV RI YHKLFOH
WHFKQRORJLHV DQG DOWHUQDWLYH IXHOV LV DQG ZKLFK GULYLQJ FRQGLWLRQV FDQ EH VLPXODWHG ZLWK WKH H[LVWLQJ
H[SHULPHQWDOGDWD&23(57DQG+%()$FXUUHQWO\SURYLGHVRPHHPLVVLRQIDFWRUYDOXHVIRU/3*YHKLFOHV
DOVR &1* YHKLFOHV LQ WKH FDVH RI +%()$ ZKLFK FRPH IURP HTXLYDOHQFLHV WR SDVVHQJHU FDUV DQG
ELRGLHVHO DQG &1* EXVHV ZKHUH HPLVVLRQ IDFWRUV DUH GHULYHG HLWKHU IURP ZHDN H[SHULPHQWDO GDWD RU
H[WUDSRODWLRQVIURP'LHVHOYHKLFOHV7KHUHIRUH WKHTXDOLW\RIWKHVHHPLVVLRQIDFWRUVLVFRQVLGHUHGUDWKHU
SRRU7KH(50(6VWDNHKROGHUVDUHFXUUHQWO\LQWKHSURFHVVRIFROOHFWLQJLQIRUPDWLRQIURPDOWHUQDWLYHIXHO
WHVWVLQDFRPPRQGDWDEDVHWRLGHQWLI\H[LVWLQJLQIRUPDWLRQDQGGHYHORSPRUHUREXVWHPLVVLRQIDFWRUVIRU
ROGHU WHFKQRORJ\ YHKLFOHV EDVHG RQ LW ,Q WKH FDVH RI(XUR 9 DQG(XUR9, YHKLFOH WHFKQRORJLHV DQ
H[SHULPHQWDOSODQZLOOKDYHWREHGHVLJQHG

7KHQHZSRZHUWUDLQVDQGWHFKQRORJLHVWKDWKDYHEHHQLQWURGXFHGE\WKHDXWRPRWLYHLQGXVWU\LQWKHSDVW
IHZ\HDUV DUH \HW WREH V\VWHPDWLFDOO\ WHVWHG IRU LQFOXVLRQ LQ WKH HPLVVLRQPRGHOV7KHVH WHFKQRORJLHV
ZKLFKKDYHDGLUHFWLPSDFWRQWKHHPLVVLRQSURILOHRIYHKLFOHVLQFOXGHVWURQJK\EULGPLOGK\EULGSOXJLQ
K\EULGVWRSDQGJRV\VWHPV ORZGLVSODFHPHQWGLHVHO  O ORZGLVSODFHPHQWJDVROLQH O IOH[
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IXHOYHKLFOHVDQGRWKHUV(PLVVLRQPHDVXUHPHQWVIRUVHYHUDOYHKLFOHVRIHDFKFDWHJRU\QHHGEHFRQGXFWHG
RQ D UROOHU EHQFK XVLQJ W\SH DSSURYDO RU EHWWHU \HW UHDOZRUOG GULYLQJ F\FOHV VXFK DV&$'& $QGUp
RURQWKHURDGXVLQJ3(06)XUWKHUPRUH LQRUGHUWRHVWDEOLVKHPLVVLRQIDFWRUVIRU+(9VZKLFK
DUH FRPSDUDEOH WR WKH H[LVWLQJ HPLVVLRQ IDFWRUV IRU JDVROLQH DQG GLHVHO FDUV /&9 DQG+'9 D VRXQG
PHWKRGRORJ\KDVWREHGHYHORSHG,WLVDJUHHGZLWKLQWKHPRGHOOHUVLQWKH(50(6JURXSWKDWDWOHDVWWKH
VDPHWUDIILFVLWXDWLRQVDQGWHVWF\FOHVVKRXOGEHXVHGZKHQFRPSDULQJGLIIHUHQWGULYHWUDLQFRQILJXUDWLRQV
$OVR LW LVH[SHFWHG WKDW WKHUDWLRRI+(9HPLVVLRQV WRFRQYHQWLRQDOYHKLFOHHPLVVLRQVZLOOGHSHQG WRD
ODUJHH[WHQWRQWKHWUDIILFVLWXDWLRQVZKLFKGHILQHWKHSRWHQWLDORIEUDNHHQHUJ\UHFXSHUDWLRQDQGWKHVKDUH
RILGOLQJ7KXVHPLVVLRQIDFWRUVIRUQHZWHFKQRORJLHVFDQEHHODERUDWHGDVUDWLRVWRFRQYHQWLRQDOYHKLFOHV
ZKHUH WKHUDWLR LVDYHUDJHVSHHGGHSHQGHQWRU WKH WHFKQRORJ\ LVGLUHFWO\ LPSOHPHQWHG LQWR WKHHPLVVLRQ
IDFWRUPRGHO
&RQFOXVLRQV
7KH(50(6JURXSZDV FUHDWHG DV DQRSHQ LQLWLDWLYHZKRVHGXW\ LV WR FRRUGLQDWH WKH UHVHDUFKZRUN
DLPHG DW LPSURYLQJ HPLVVLRQ PRGHOOLQJ LQ (XURSH 7KH GHYHORSPHQW RI DFFXUDWH WUDQVSRUW HPLVVLRQ
PRGHOVLVQHFHVVDULO\DMRLQWHQWHUSULVHDPRQJVHYHUDOSDUWLHVWKDWUHTXLUHVLQWHQVLYHWHVWLQJWRDGHTXDWHO\
FRYHU DOO WKH UHOHYDQW YHKLFOH W\SHV DQG VXEVWDQWLDO UHVHDUFK DQG PRGHOOLQJ HIIRUWV WR NHHS XS ZLWK
WHFKQRORJLFDODGYDQFHVDQGLPSURYHWKHPHWKRGRORJLHVLQRUGHUWRDFFXUDWHO\UHIOHFWUHDOZRUOGHPLVVLRQV

7KHGHYHORSPHQWRIWKHWZROHDGLQJURDGWUDIILFHPLVVLRQPRGHOVLQ(XURSH&23(57DQG+%()$LV
VWHHUHG ZLWKLQ WKH (50(6 JURXS LQ FORVH FRQWDFW ZLWK DOO VWDNHKROGHUV 7KHVH PRGHOV DUH EHLQJ
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